Serum prealbumin is a recognized marker of malnutrition, but its prognostic role in patients with hemorrhagic stroke remains unclear. In this study, we retrospectively reviewed the records of 105 patients with hemorrhagic stroke admitted to Renmin Hospital of Wuhan University, China, from January to December 2015. We collected demographic and radiological data, and recorded serum prealbumin levels at admission and on days 1, 3, 6, 9, and 14-21. The existence of infections and gastrointestinal hemorrhage, and clinical condition at discharge were also recorded. Serum prealbumin levels during hospitalization were significantly lower in patients with infections compared with those without infections, and also significantly lower in patients with gastrointestinal hemorrhage compared with those without. Serum prealbumin levels at discharge were significantly higher in patients with good recovery than in those with poor recovery. We conclude that regular serum prealbumin measurements in patients with hemorrhagic stroke may be a useful indicator for determining clinical status and prognosis, which may therefore help to guide clinical decision-making.
Introduction
Hemorrhagic stroke is estimated to be the leading cause of disability and the second most common cause of death globally. The global burden of hemorrhagic stroke increased significantly between 1990 and 2010 in terms of the absolute number of people with incident hemorrhagic stroke (47% increase), number of deaths (20% increase), and disability-adjusted life years lost (14% increase) (Hemphill et al., 2015) . The presentations of hemorrhagic stroke vary in terms of their severity and mortality, but a third of patients die within 1 month after onset, and most survivors are left with some permanent disability (Schrader et al., 2003; Hemphill et al., 2015) . In addition to the direct effects of the initial bleeding event and secondary neurologic complications, patients with aneurysmal subarachnoid or intracerebral hemorrhage are predisposed to other medical complications with direct impacts on outcome, length of hospital and intensive care unit stay, and associated increased care costs (Dennis et al., 2008; Urra et al., 2009; Sharma et al., 2014) . Furthermore, patients with hemorrhagic stroke have been shown to experience alterations in the levels of acute phase proteins, an acute surge of sympathetic activity, and changes in vascular tone (Fluri et al., 2012) , fluid status and administration, cardiac output, and major organ blood flow, resulting in a hyperdynamic state (Gariballa et al., 1998; Gaudiani et al., 2014) .
Infections, gastrointestinal hemorrhage, and fluid and electrolyte disorders are the most frequent medical complications that occur after hemorrhagic stroke (Unosson et al., 1994; Steiner et al., 2014; Codullo et al., 2016) . Hemorrhagic stroke-associated infection (HSAI) is one of the major complications and has been shown to worsen the clinical course and outcome of stroke patients (Steiner et al., 2014) , while gastrointestinal hemorrhage was observed in 91% of patients undergoing endoscopy within 24 hours following hemorrhagic stroke (Unosson et al., 1994; O'Malley et al., 1995; Ohwaki et al., 2008; Codullo et al., 2016) . In experimental studies, HSAI was shown to cause severe inflammatory responses (such as fever, acidosis, and coagulation function disturbance) and lead to further deterioration of the central nervous system. HSAI and gastrointestinal hemorrhage may delay rehabilitation, prolong hospitalization, and even cause death in patients with hemorrhagic stroke (Ingenbleek and Young, 1994; May et al., 2015) . However, early detection and intervention may prevent these complications and improve patient prognosis and clinical outcome (Fleming et al., 2007; Rambod et al., 2008; Cheng et al., 2015) . The identification of effective biomarkers for the early prediction of HSAI and gastrointestinal hemorrhage may thus be clinically relevant in this context.
Prealbumin is a 55-kDa protein that is synthesized in the liver (Tempel et al., 2015) and serves as a carrier protein for thyroxine and retinol-binding protein. Prealbumin possesses the shortest biological half-life (1-2 days) of all serum proteins (Wartenberg and Mayer, 2010; Davis et al., 2012) . Recent studies identified copeptin, procalcitonin, leukocytes, C-reactive protein, interleukin-6, and heart rate variability measured on admission as possible predictors of stroke (Davis et al., 2012; Caccialanza et al., 2013; Kwan et al., 2013b) . However, there are currently no relevant interventional measurements for these indicators. Serum prealbumin is a negative acute-phase reactant that decreases during inflammation, malignancies, and liver cirrhosis (Gocmen et al., 2010; Kwan et al., 2013a; Ye et al., 2015; Lin et al., 2017) . Importantly, serum prealbumin concentrations fall rapidly as a result of decreased synthesis following reprioritization of the synthesis of acute-phase proteins such as C-reactive protein (Bourguignat et al., 1996; Bramer et al., 2014) . Several studies have confirmed that inflammation is associated with decreased serum prealbumin (Ingenbleek and Young, 2002; Kopple et al., 2002; Rambod et al., 2008; Gurlek Gokcebay et al., 2015; Liu et al., 2015) . Low serum prealbumin levels have also been associated with malnutrition, impaired functional status, poor outcome, and mortality (Yovita et al., 2004; Chrysostomou et al., 2010) . To provide a theoretical basis for clinical treatment, the present investigation aimed to determine the value of serum prealbumin as a meaningful predictor of clinical status and prognosis in patients with hemorrhagic stroke.
Subjects and Methods

Subjects
The study was registered with the Chinese Clinical Trial Register (registration number: ChiCTR-ROC-16008562) and was approved by the Medical Ethics Committee of Renmin Hospital of Wuhan University, Ethical Review (Scientific Research) 2014 (number: 2012LKSZ (010) H).
Consecutive patients with hemorrhagic stroke admitted to Renmin Hospital of Wuhan University, China from January to December 2015 were enrolled in the study. All patients experiencing a new focal or global neurological event were admitted within 48 hours. A diagnosis of hemorrhagic stroke was verified by skull computed tomography (CT) and/or magnetic resonance imaging (MRI) on admission (Hemphill et al., 2015) . Patients with transient ischemic attack, ischemic stroke, traumatic brain injury, brain tumor, chronic inflammatory disease, connective tissue or autoimmune diseases, malignant tumor, or deficient liver or renal function were excluded.
A total of 105 patients with hemorrhagic stroke met the inclusion criteria. The clinical characteristics of the study population are presented in Table 1 .
Detection method
Following admission, all patients received routine treatments and nursing care in accordance with clinical guidelines. Routine blood and biochemical tests, electrocardiograms, and baseline brain CT/MRI scans were performed in all patients on admission. Laboratory investigations for vascular risk factors, brain CT angiography, and a thorough cardiac investigation were also performed.
The severity of the cerebrovascular event was classified according to the Glasgow Coma Scale (GCS) (Hemphill et al., 2015) . All patients were assigned to one of two catego- Infections were observed in 51 patients, and no infections in 54 patients. Data are expressed as the mean ± SD. *P < 0.05, **P < 0.01, vs. no infection (Mann-Whitney U test). Gastrointestinal hemorrhage was observed in 14 patients, and no gastrointestinal hemorrhage in 91 patients. Data are expressed as the mean ± SD. *P < 0.05, vs. no gastrointestinal hemorrhage (Mann-Whitney U test).
Figure 3 Serum prealbumin levels in hemorrhagic stroke patients with good and poor outcomes. Good outcome: GOS = 4-5; poor outcome: GOS = 1-3. There were 72 patients with good outcomes and 33 with poor outcomes. Data are expressed as the mean ± SD. *P < 0.05, vs. good clinical outcome (MannWhithey U test). ries using the Glasgow Outcome Scale (GOS) at discharge: good-outcome group (GOS = 4-5) and poor-outcome group (GOS = 1-3).
In addition to collecting demographic and radiological data, we also recorded serum prealbumin levels at admission and on days 3, 6, 9, 14-21. Fasting peripheral venous blood samples were obtained via the median cubital vein or basilic vein, and serum prealbumin was measured in the hospital biochemistry department using an automatic biochemical analyzer (AU5800, Beckman, CA, USA). Serum prealbumin levels ≤ 170 mg/L were defined as abnormal.
The presence of infections or gastrointestinal hemorrhage, and condition at discharge were also recorded. When indicated, infections were validated and identified by infectious-disease specialists.
Statistical analysis
Data are presented as the mean ± SD. Statistical analysis was performed using SPSS for Windows 17.0 software (SPSS, Chicago, IL, USA). A probability value < 0.05 was considered statistically significant. Statistical analyses were performed using chi-square tests for binary and categorical data and Mann-Whitney U tests for continuous variables.
Results
Value of serum prealbumin for predicting infection in hemorrhagic stroke patients Infections were observed in 51 patients (48.8%), of which pneumonia accounted for 45.1% (n = 23). Serum prealbumin levels were significantly lower in patients with evidence of infection during hospitalization compared Age, hematoma volume, body mass index, systolic blood pressure, and hospitalization time are expressed as the mean ± SD; other data are expressed as n(%). GCS: Glasgow Coma Scale. with non-infected patients on days 6 and 9 after admission (P = 0.001, P = 0.039, respectively). As shown in Figure  1 , serum prealbumin levels in patients with evidence of infection were significantly reduced on day 6, followed by gradual normalization, while serum prealbumin levels in non-infected patients were typically within the normal reference range (200-400 mg/L).
Value of serum prealbumin for predicting gastrointestinal hemorrhage in hemorrhagic stroke patients Serum prealbumin levels on day 6 after admission were significantly lower in patients with compared with those without gastrointestinal hemorrhage (P = 0.026). As shown in Figure 2 , serum prealbumin levels in patients with gastrointestinal hemorrhage fell to a minimum on day 6 after onset, followed by a gradual return to baseline levels. In contrast, serum prealbumin levels in patients without gastrointestinal hemorrhage were significantly higher than average (180.25 mg/L), with a gradually increasing trend.
Value of serum prealbumin for predicting clinical outcome in hemorrhagic stroke patients
Serum prealbumin levels in patients with poor outcomes at discharge were significantly lower compared with patients with good outcomes on days 3, 6, and 14-21 after admission (P = 0.041, P = 0.02, P = 0.02, respectively). As shown in Figure  3 , serum prealbumin levels in patients with good recovery at discharge were higher than average (180.25 mg/L); levels declined to a minimum on day 3 after onset, with a gradual recovery to baseline levels after the sixth day. In contrast, serum prealbumin levels in patients with poor recovery were significantly lower.
Discussion
Inflammation, infection, trauma, and neoplasms may result in significant changes in plasma concentrations of acutephase reactive proteins, including C-reactive protein, transferrin, amyloid protein A, and prealbumin. Acute-phase reactive proteins, as markers of clinical inflammation, have been used as important prognostic indicators after surgery and following stroke (Fleming et al., 2007; Rocha et al., 2010; Muangchan et al., 2012) . C-reactive protein is commonly used as clinical marker of infection and inflammation (Dalrymple et al., 2013; Upadhyay et al., 2013; Lourenco et al., 2014; Lee et al., 2015; Qin et al., 2015; Gu et al., 2016) , and serum prealbumin is a highly sensitive marker of nutrition and survival in dialysis patients (Lin et al., 2011; Chen et al., 2014; Fujii et al., 2014) . A variety of inflammatory mediators induce tissue and organ damage during the acute phase response to injury and infection, including damage to liver sinusoidal endothelial cells, resulting in a decline in serum prealbumin synthesis. Decreased serum prealbumin levels have been reported in various diseases, such as kidney injury, systemic inflammation, liver cirrhosis, and brain trauma (Cruse et al., 1992; Hilker et al., 2003; Dziedzic et al., 2006) . The results of the present study provide the first evidence for an association between decreased serum prealbumin and risk in acute ischemic stroke patients (Yeun and Kaysen, 1997; Shenkin, 2006) . Hemorrhagic stroke patients demonstrate differing levels of consciousness, commonly associated with an inability to protect the airway and thus effectively discharge respiratory secretions. In addition, the immune response can be impaired in relation to helper T-cell function, lymphokine-activated killer cell cytotoxicity, and other immune-cell dysfunctions (Phang and Aeberhardt, 1996; Chertow et al., 2005) . Surgery and indwelling catheters predispose the tissue mucosa to infection. In the present study, infections were observed in 51 patients (65.4%), of which pneumonia accounted for 45.1% (23 patients).
There was a significant difference in serum prealbumin levels on days 6 and 9 after admission between patients with and without evidence of infection during hospitalization. Hemorrhagic stroke is associated with a significant increase in basal metabolic rate, and alterations in energy consumption are thus likely to contribute to a rapid prealbumin deficiency. Serum prealbumin levels may therefore serve as an indicator of metabolic and nutritional states during the acute phase of the clinical course. Infection is a major complication of acute stroke, with an incidence rate of 21-62% (Zahuranec et al., 2014) , leading to prolonged hospitalization and poorer outcomes. The findings of the current study suggest that low serum prealbumin levels might be an early biomarker of infection risk. Given that serum prealbumin can be detected rapidly and monitored easily, measurement of this marker may help hemorrhagic stroke patients at high risk of infection to be identified and treated appropriately.
Gastrointestinal hemorrhage is an additional co-morbid complication associated with hemorrhagic stroke, mainly secondary to acute post-traumatic stress ulcers (Wang et al., 2009; Sikora Newsome et al., 2015) . The present study included 14 patients (14%) with gastrointestinal hemorrhage, and demonstrated a significant correlation between gastrointestinal hemorrhage and serum prealbumin levels. Furthermore, serum prealbumin levels in patients with poor recovery at discharge demonstrated greater variability compared with patients with better outcomes. Monitoring of serum prealbumin levels should thus pay attention to variability from baseline, particularly on post-injury day 3.
In summary, the results of the present study provide the first evidence for correlations between serum prealbumin levels and post-injury infection, gastrointestinal hemorrhage, and clinical outcome at discharge in patients with hemorrhagic stroke. Early detection of serum prealbumin levels during the acute phase of hemorrhagic stroke may therefore reflect the severity and prognosis of the disease, and may provide a rapid guide for appropriate interventions to prevent deterioration. Further research is required to determine if nutritional supplementation might increase serum prealbumin levels and thus reduce the risk of nosocomial infection and gastrointestinal hemorrhage in patients with hemorrhagic stroke. 
